Summary
Examination of 14 aged chinchillas revealed a shallow orbit, a rudimentary nictitating membrane, a large cornea, a densely pigmented iris with a vertical slit pupil, and an anangiotic fundus with variable vascularization of the optic disc. Mean intraocular pressure was 18·5 ± 5·75 standard deviation mmHg.
Bilateral posterior cortical cataracts and asteroid hyalosis were observed in 2 animals.
The chinchilla (Chinchilla laniger), historically used for furbearing, is gaining recognition as a model in the study of such phenomenae as cholera (Hlachman, Gross & Pickett, 1974) , diabetes (Gladney, 1978) , oxalate nephrosis (Goudas & Lusis, 1970) , acoustic trauma (Ward & Duval, 197 I) , vestibulo-ocular reflexes (Daniels, Hassul & Kumm, 1978) and corpus luteum function (Tam, 1970) . Various attributes support this animal's desirability: ease of handling; small size but relatively large for a rodent; train ability for sound avoidance studies (Miller, 1970) ; quietness; essentially odour-free urine and faeces (McCay, 1959) ; reasonable accessibility of blood vasculature (Brookhyser, Aulerich & Vomachka, 1977) ; ease of depilation (Wilcox, 1950) : relatively inexpensive maintenance; freedom from chronic middle-ear disease.
The accessibility of the eye, its pigmentation, its relatively large cornea (Prince, 1956) , the unusually long lifespan for a rodent (Grandall, 1964) and its relative freedom from common laboratory animal diseases adds to its potential for use in ophthalmological studies. However, little is known about the species from this viewpoint. The morphology of the chinchilla eye has been described (Detwiler, 1949) , but there is little concerning clinical observations one might make upon routine ophthalmic evaluation. Chemical parameters of the aqueous humour have been reported (Juhn, Haugen & Steven, 1974) . In this study, ophthalmic examinations were performed in a closed colony of chinchillas. Normal and pathological observations are described.
Materials and methods
14 chinchillas of 6-17 years of age and weighing 475-675 g (Table I) The retinal, optic nerve, and choroidal vasculature were studied utilizing fluorescein angiography, following sedation with intramuscular ketamine hydrochloride at a dosage of 10 mg per animal, 0·5 ml 10% sodium fluorescein was administered as a rapid bolus into the femoral vein regardless of body weight. The Kowa RC-2 fundus 3'32 camera modified for fluorescein angiography (Keeler Optical) and Tri-X ASA 160 colour film specially developed to ASA 400 f were used to photograph the angiograms at 2 s intervals.
Results
The techniques described permitted thorough ophthalmic examination. Externally, the chinchilla eye was characterized by the presence of fine cilia on both upper and lower eyelids and a shallow boney orbit; opening both upper and lower eyelids with simultaneous digital pressure resulted in proptosis of the globe. A fleshy caruncle and a poorly developed nictitating membrane were present at the medial canthus (Fig. I) .
The cornea was relatively large in relationship to the palpebral fissure and globe size and the anterior chamber was moderate in depth. The iris was dark brown with a vertical slit pupil. No abnormalities involving the adnexa and anterior segment were seen.
Intraocular pressure (lOP) varied from 8 to 28 mmHg and from I to 10 mmHg between fellow eyes, with means of 19·0 mmHg for the right eyes, 17·9 for the left, and 18·5 for all eyes (Table I) .
Cataractous changes of the lens were observed in both eyes of Animal 12, characterized by posterior axial subcapsular cortical granules with clefting of the lens fibres radially from the axial opacities (Fig. 2) . Asteroid hyalosis of the vitreous, a degenerative process involving the formation of lipid-calcium particles, was observed in Animal 3 and appeared as multiple white tiny refractile bodies of varying size suspended throughout the cortical, but predominantly in the nuclear, vitreous humour (Fig. 3) .
Retinal and choroidal pigmentation of the fundus and the optic disc varied from animal to animal, and was least between fellow eyes. The optic disc appeared grey, round to oval in either the horizontal or vertical plane, with a physiological cup that varied from a small central depression to almost total involvement of the nerve head (Fig. 4) . In about half of the animals a network of small blood vessels was observed on the surface of the optic disc. Focal myelination of the peripapillary nerve-fibre layer was observed unilaterally in Animal 11 (Fig. 5) .
The retina was characterized as anangiotic-without visible blood vessels. Prominent nerve fibres could be observed, predominantly in the horizontal plane curving toward the optic disc (Fig. 4 ). In animals with densely pigmented retinal epithelium, the choroidal vasculature could not be seen (Fig. 5 ), but in others the radial choroidal vascular pattern could be observed (Fig. 6) . The optic disc showed autofluorescence when observed with the angiographic filters, Intravenous lack of observable retinal vasculature. Initially, a rapid progressive fluorescence of the choroid was observed followed immediately by the appearance of dye at the vasculature of the optic disc in those animals that demonstrated this characteristic. The optic disc and peripapillary area fluoresced intensely in all animals (Fig. 7 ). The fluorescence persisted in the optic disc and choroid, gradullay decreasing in intensity over 10 min. Detail of choroidal vasculature observed was dependent upon the degree of retinal pigmentation. Pooling of dye in the aqueous and vitreous humours was not observed.
Discussion
The clinical findings are consistent with the anatomical features described and are characteristic of a nocturnal rodent, including the large cornea and large spherical lens. Cordes. F. C. (1961) . Ca/arac/ /.l'pes,pp. 21-104. Rochester, Peiffer & Johnson is unique to rodents, however, and is consistent with the chinchillas' habit of basking in the sun during the day in their natural high-altitude mountain environment.
The Mackay-Marg applanation tonometer has been found to be reliable in rabbit, cat, dog, and monkey eyes (Moses, Marg & Oechsli, 1962; Gelatt, Peiffer, Gum, Owin & Erickson, 1977) and is particularly well suited for laboratory animal species. Species variation in ocular rigidity and in corneal size and curvature are minimized. Mean values for normal lOP are within the range described for other mammals (Davson & Graham, 1974) . The variation of up to 10 mmHg between fellow eyes and up to 20 mmHg between animals probably represents technical rather than biological variation.
Fluorescein angiography techniques have been described for laboratory primates, dogs, cats, rabbits, rats and hamsters (Bellhorn, 1972; Gelatt, 1976) and do not differ significantly from those utilized in this study. The procedure allowed appreciation of the optic disc vascular network and evaluation of the physiological and anatomical barriers between choroid and retina, even in the absence of a visible retinal circulation. While direct observation of the origin of the vascular network in the optic disc was not possible, the near-simultaneous fluorescence of the choroid and optic disc vasculature suggests a cilioretinal rather than a central retinal artery origin. The variable presence of the peripapillary capillaries would place the chinchilla in a paurangiotic classification.
Asteroid hyalosis represents calcium-lipid complexes that form as a result of degeneration of vitreous fibrils; they are observed in man at an average age of 60 years (Cordes, 1961) and have been described in dogs with an incidence of 10-30% in animals 8 years of age and older (Magrane, 1977) . The etiopathogenesis of the cataracts observed in Animal 12 could not be determined; their clinical appearance is more specific and they mayor may not represent primary senile changes. Davson, H. & Graham, L. T. (1974) . The eye. Vol 5. Comparative physiology. New York: Academic Press. Detwiler, S. R. (1949) . The eye of the chinchilla. Journal oj Morphology 84,123-144. Gelatt, K. N. (1976) . Fluorescein angiography of the normal and diseased ocular fundi of the laboratory dog. Journal of the American Veterinary Medical Association 169,
